Introduction 21 2
The contamination of natural waters by chemicals is a major concern in many parts of the world, 22
and as new chemicals are introduced or others find new applications, and analytical methods 23 improve, the occurrence of previously undetected chemicals, termed "emerging contaminants", 24 in wastewaters and receiving waters is frequently reported (1, 2) . Much attention has focussed on 25 compounds known to exhibit biological activity at low concentrations, in particular 26 pharmaceuticals, steroid estrogens and other endocrine disruptors. The occurrence of these 27 compounds began to receive attention during the 1990s when they were linked to toxicological 28 effects in fish (3). However, consumer products such as washing powders containing detergents, 29 bleaching agents and other ingredients are used in higher volumes than pharmaceuticals and may 30 also contribute to the wide dispersive occurrence of xenobiotocs in wastewaters (4). 31
One class of chemical corrosion inhibitors that has been incorporated into dishwashing 32
detergents to reduce the corrosion of non-ferrous metals (5) are 1H-benzotriazole (BT) and 4-or 33 5-methyl-1H-benzotriazole, used as a technical mixture and commonly called tolyltriazole. In 34 addition to use in consumer products, they find more extensive use in industrial products, such as 35 brake fluids, motor vehicle antifreeze and aircraft de-icing fluids (6). The first report on their 36 occurrence in the aquatic environment was in the Glatt River, Switzerland, where they occurred 37 in all sewage treatment work (STW) effluents surveyed and were detected at concentrations up to 38 3,690 ng/L (BT) and 628 ng/L (TT) in the river (7). Subsequently, their presence has been 39 reported in a further six Swiss rivers (8), as well as in rivers in Germany, with concentrations of 40 BT ranging from 130 to 3,500 ng/L in the Rhine (9) and from 38 to 1,474 ng/L in the Main, 41
Hengstbach and Hegnach collectively (10). Concentrations of BT and TT were amongst the 42 highest of thirty six polar pollutants detected in a survey of European rivers (11). Although there 43 are few reports on their presence in rivers from other regions of the world, BT and TT have been 44 6 further dilutions were made to obtain solution concentrations within the calibrated range of the 113 instrument. Full description of the instrumental analysis and quantification and method 114 performance is given in Supporting information (SI) text and Tables S1 and S2 . 115 Catchment Modelling. The catchments modelled were those of the River Trent, where the 116 Erewash is located, and the River Thames, which was the known source for some of the tap 117 water samples, in particular from the area around Uxbridge, west London. The model has 118 previously been demonstrated to accurately predict concentrations of triclosan in both of these 119 heavily urbanised catchments (20). It generates spatially explicit statistical distributions of down-120 the-drain chemicals using a Monte Carlo mixing-model approach to combine statistical estimates 121 of chemical loads at specific emission points (e.g. STWs) with estimated river flow duration 122 curves for the whole river network of interconnected model reaches (20) (21) (22) . 123
The performance of the model was initially tested with measured effluent concentrations and 124 outputs compared to observed river concentration data collected in the survey described above. 125
The STWs inputs and the upstream boundaries of the river model were set to the values 126 measured on the day of the survey. The degradation rates of the chemicals in the river were set to 127 zero, as they have been noted to be resistant to biodegradation (23) and no degradation of BT 128 was observed during a 20 day river die away study (24) . Although photodegradation has been 129 reported to occur, with half lives for BT and TT of 10 and 4 days respectively (24), this is of 130 little effect in relation to residence time in most UK rivers. For example from the source to the 131 mouth of the Thames, which is 221 km long, this ranges from 7 to 21 days (25), and most inputs 132 are subject to shorter residence times as they join at points far downstream of the source. 133
The model was run in the monthly mode and the model outputs were chosen from the month 134 whose long term mean flow was closest to that on the sampling day. Because the sampling had7 been deliberately targeted at a low flow period, this month turned out to be July, even though the 136 The calculated load was transformed to a concentration by dividing by the consented dry weather 148 flow (as it did not rain during the week of sampling) and compared to the concentration 149 determined by taking the average detected in seven grab samples of settled sewage (primary tank 150 effluent) from this STW (four at 9:00 and three at 14:00) taken over a four day period during 151 November 2008. Settled sewage was sampled to give some attenuation to likely variation of 152 concentrations in crude sewage, and was deemed appropriate due to the solubility of the analytes. 153
154

Results and Discussion 155
Concentrations of BT in the eight sewage effluents, which ranged from 840 to 3,605 ng/L, were 156 consistently less than those of TT (2,685 to 5,700 ng/L). There was no relationship between 157 effluent concentrations and treatment type, which were either activated sludge or biological 158 8 filters with or without tertiary treatment, such as nitrifying sand filters. Three of the works had 159 older biological filters running in parallel with more recently installed activated sludge treatment. 160
In the river, higher concentrations of TT were also consistently observed (Figure 1 ), as in the 161
effluents. The river survey demonstrated that the compounds were present in all samples, 162 including those from the small tributaries, with the highest concentration observed upstream of a 163 STW being 118 ng/L, indicating sources other than sewage effluents, such as industrial or urban 164 run-off. However, the increase in concentrations at around 2.5 km from the source of the river 165 may be attributed to inputs from the first STW as may those in Gilt Brook, and subsequent 166 increases were also attributable to discharges from STW; conversely, decreases in the 167 concentrations of these chemicals in the river water corresponded with the confluence of less 168 contaminated tributaries, resulting in dilution. There is no evidence that any other discharges to 169 the river could account for the increase in BT and TT concentrations above the backgrounds 170
observed. Although the European chemical Substances Information System (ESIS) (28), 171
indicates an importer of TT in the area of the Erewash, they are in fact located on a nearby river, 172 and would not be expected to contribute discharges to the Erewash. The company named on 173 ESIS is not listed in the UK Environment Agency (EA) "What's in your backyard?" pollution 174 inventory (29) as having a licence to discharge, and there is no indication from the EA data set 175 that there are any companies along the Erewash itself which are likely to contribute to the 176 concentrations of BT and TT observed in the river. The sampling and analysis of large catchments is a challenge in terms of resources and costs, and 185 it is therefore often appropriate to model concentrations of chemicals in river systems (30) . 186
Before modelling of a more extensive area was undertaken, the LF2000-WQX model was 187 calibrated using the measured effluent concentrations to predict concentrations in the Erewash. 188
When using the measured concentrations in effluents from municipal STWS to drive the inputs 189 the fit for BT with the observed values slightly under estimated concentrations (regression 190 slope=0.8; R 2 =0.76; p<< 0.001) (SI, Figure S1 ), However, it was able to reproduce the 191 higher, with 10% of the river falling in the 2,000 to 3000 ng/L range and 1,000 to 2,000 for a 204 further 15% of the catchment (SI Figure S3) . Modelling of the River Thames catchment was 205 undertaken to give an indication of concentrations which could be expected in the area where the 206 drinking water samples were sourced. Throughout the catchment, concentrations of BT and TT 207 were predicted to range from 1 to 1,000 ng/L below the first STW inputs, with increasing values 208 of 401 to 1,000 ng/L and TT frequently in the 1,000 to 2,000 ng/L range in the lower reaches (SI 209 Figure S4 Occurrence in drinking water. Given the presence of these compounds at such concentrations 213 in surface waters, and that surface waters are frequently abstracted for drinking water supply, it11 is reasonable to ask if they are likely to be present in the potable supply. Potable treatment relies 215 on a number of steps to purify water, increasingly involving processes using granular activated 216 carbon (GAC) and ozone to remove chemical contaminants. However, there is some evidence 217 that such processes may not be fully effective at removing BT and TT. Studies on the treatment 218 of municipal wastewaters (not potable water) using ozone suggest that at ozone doses of 0.8 mg 219 O 3 / mg DOC, 90% removal of these compounds might be expected, and increasing the dose to 220 1.0 mg O 3 / mg DOC appeared to increase removal to 99% (6, 31). It has been shown that 221 activated carbon can remove the less polar TT more effectively than BT, and that for BT, 222 breakthrough can occur (9). However, given the river concentrations measured and modelled in 223 this and other studies, even if removal efficiencies of 99% could be consistently achieved, from dishwasher detergents will depend very much on market share of that brand and on the 276 proportion of people who use the tablet form of that brand. Given the assumptions made in 277 calculating inputs, and possible limitations of the limited sampling regime in assessing true 278 inputs, it would appear that the use of these chemicals in dishwasher formulations may account 279 for a significant proportion (at least 30%) of the inputs to the STW and subsequently the 280 environment. To further improve this estimate, more accurate, catchment specific data on sales 281 and use of dishwasher detergents would be required, along with a more comprehensive sampling 282 strategy at the STW. A full source apportionment exercise has not been undertaken; and other 283 uses, such as in corrosion inhibitors for heating systems and motor vehicles could also contribute 284 15 to the load to sewer, however the estimation has highlighted that the use of BT and TT in "down 285 the drain" products may make a significant contribution to their concentrations in UK rivers. 286 Although the presence of chemicals in the environment and drinking water does not in itself pose 299 a risk to health and the environment, there is concern that the possible effects of long term 300 exposure to individual chemicals and / or mixtures of chemicals are not fully understood (32, 301 33) . The implications of our findings depend to a large extent on the degree of (eco)toxicity of 302 BT and TT. As stated in the Introduction, there appear to be gaps in knowledge, as a 303 consequence of the lack of any chronic ecotoxicity data for fish and for the range of toxicity 304 endpoints evaluated (16), of particular importance for these chemicals in relation to exposure. 305
Chemicals are usually more toxic when administered chronically (long-term) than when 306 exposure is acute (short-term). This difference can be expressed as the acute : chronic ratio. For 307 many industrial chemicals, this ratio is 10 or less, meaning that the LOEC and NOEC derived 308 from chronic toxicity tests are not appreciably lower than those derived from acute toxicity tests. 309
However, if chemicals have specific modes of action (as, for example, pharmaceuticals do), then 310
chronic toxicity tests often demonstrate that chemicals can be very much more toxic than 311 anticipated based on the results of acute toxicity tests (34). For example, the acute : chronic ratio 312 of ethinyl estradiol is around 100,000 (35). This illustrates the importance of the current data gap 313 with BT and TT; it is imperative to determine their chronic ecotoxicities (16) and data on 314 carcinogenicity is conflicting (24). Although there seems to be no particular reason to think that 315 BT and/or TT will have a high acute: chronic ratio, and hence be of more concern than appears 316 to be the case based on acute ecotoxicity data, caution should be exercised for the following 317 reason. Many azoles are very active chemicals, with specific modes of action: many (imidazoles 318 and triazoles) are fungicides used in agriculture, and others (e.g. fadrazole) are used for anti-319 estrogen treatment in diseases such as breast cancer (36). Recent results have demonstrated that 320 many commonly-used fungicides act as endocrine disrupters in vivo in both mammals (37) and 321
